Abstract. In this paper, we propose a strategy language for designing schemes of constraint solver collaborations: a set of strategy operators enables one to design several kinds of collaborations. We exemplify the use of this language by describing some well known techniques for solving constraints over finite domains and non-linear constraints over real numbers via collaboration of solvers.
Introduction
In constraint programming, the programming process consists of formulating problems with constraints. Solutions of these so called Constraint Satisfaction Problems (CSPs) are generated by solvers. Numerous algorithms have been developed for solving CSPs and the resulting technology has been successfully applied for solving real-life problems. The design and implementation of these constraint solvers is generally an expensive and tedious task. Thus, the idea of reusing existing solvers is very interesting, but it also implies that we must have some tools to integrate them. Even more important, considering that some problems cannot be tackled or efficiently solved with a single solver, we definitively realize the interest of integrating and making cooperate several solvers [19, 4, 13, 20, 18] . This is called collaboration of solvers [15] . In order to make solvers collaborate, the need of powerful strategy languages to control their integration and application has been well recognized [16, 17, 1] .
The existing approaches are generally not generic: they consider fixed domains (linear constraints [4] , non-linear constraints over real numbers [18, 13, 3] ), fixed strategies, or fixed scheme of collaboration (sequential [18, 3] , asynchronous [13] ). In the language BALI, collaborations are specified using control primitives and the constraint system is a parameter. Although BALI is more generic and flexible, the control capabilities for specifying strategies are not always fine enough [17] . In the system COLETTE [7, 8] , a solver is viewed as a strategy that specifies the order of application of elementary operations expressed by transformation rules.
Extending ideas of BALI and COLETTE, we consider collaborations of solvers as strategies that specify the order of application of component solvers. In [9], we propose a strategy language for designing component or elementary constraint solvers and we exemplify its use by specifying several solvers (such as solvers for constraints over finite domains and real numbers). In this paper, we present the application of our language for prototyping constraint solving schemes via collaboration of solvers.
The main motivation for this work is to propose a general framework in which one can design component constraint solvers as well as solver collaborations. This approach makes sense since the design of constraint solvers and the design of collaborations require similar methods (strategies are often the same: don'tcare, fixed point, iteration, parallel, concurrent, ...). In other words, we propose a language for writing component solvers and designing collaborations of several solvers at the same level.
This paper is organized as follows: Section 2 presents basic definitions and notations. In Section 3, we present an overview of our strategy language whereas in Section 4 we detail its basic operators. In Section 5, we use our language for solving constraints over finite domains and real numbers via the collaboration of several solvers. Finally, we conclude in Section 6. In order to be able to manipulate specific parts of a constraint, we introduce the notions of syntactical form and sub-constraint.
Definitions

Definition 1 (Constraint Systems and Constraint Solvers). A constraint system is a 4-tuple (Σ, D, V, L) where Σ is a first-order signature given by a set of function symbols
